Background: Functional and structural asymmetries attributed to limb dominance are equivocal in soccer players. Previous authors hypothesize the existence of between-limb asymmetry secondary to the repetitive unilateral nature of kicking. However, symmetry is often present, particularly in measures of muscle strength.
INTRODUCTION
Lateral dominance is the natural tendency for an individual to use one side of the body to complete tasks. In soccer, lateral dominance can be defined as footedness: the preferred foot for kicking the ball, and the limb that mobilizes through an open kinetic chain. [1] [2] [3] A number of researchers have assumed between-limb asymmetry in soccer players as a product of unilateral kicking and greater repetition with the dominant limb. [4] [5] [6] [7] These previous hypotheses of expected asymmetry are logical: as an asymmetrical skill with unipedal posture, the dominant limb in soccer kicking displays greater ball velocity values 8 and greater forces produced throughout the motion: pelvic rotation increases with faster kicks, suggesting the dominant limb experiences greater torque around the pelvis. 9 Coupled with the different internal demands of the dominant mobilizing versus the non-dominant stabilizing limbs, a force production disparity between limbs likely exists. These potential asymmetries have been further linked to increased lower extremity injury risk. [10] [11] In cohorts of professional soccer players, Daneshjoo et al. 12 reported hip flexibility disparities between limbs while Oliveira et al. 8 reported no differences in between-limb goniometric measures of hip flexion. Between-limb comparisons are most commonly measured by assessing muscle strength and torque. Idoate et al. 13 reported non-dominant side hypertrophy of the rectus abdominis in professional players, which they speculate was stronger to provide for the stabilizing demands of the non-kicking limb. In elite soccer players, Aginsky and Neophytu 14 reported greater hamstring strength and endurance in the dominant limb, agreeing with Blache and Monteil 15 who concluded that greater dominant limb knee flexor and extensor strength existed at 40% and 60% maximal load in a sample of recreational players. On the contrary, Rahnama et al. 2 found soccer players' dominant limb knee flexors to be weaker than the non-dominant limb. Despite discrepancies in which limb exhibits greater muscle strength, the exisistence of between-limb differences seem logical: the action of soccer kicking produces different force production between limbs as the dominant limb mobilizes and the non-dominant limb stabilizes. The non-dominant, stabilizing limb provides the foundation for the kicking motion, demanding actions of the postural musculature to enable the dominant, mobilizing limb to move forcefully to impact the ball. In addition to differing functions between the dominant and non-dominant limbs, the dominant limb is utilized more frequently and with improved coordination and intersegmental patterning for kicking tasks. 16 However, despite reasonable inferences to suggest that between-limb asymmetry exists, other authors describe symmetry with regards to muscle strength between the dominant and non-dominant limbs. 6, 12, [17] [18] [19] [20] [21] Despite the inherent force production differences between limbs and greater repetition of kicking with the dominant limb, perhaps underlying mechanisms exist that can explain between-limb symmetry in soccer players as previously reported. For example, the utility of running in soccer may overshadow the unilateral repetition of kicking. Fousekis et al. 5 suggests between-limb asymmetry diminishes later in a player's career, attributed to the athlete adopting a more balanced use of the lower extremities to attain high-level play. Perhaps, other factors in the kinetic chain have not yet been assessed and lower limb symmetry measures do not capture the full scope of the function of soccer players. The present study examines collegiate soccer players in an effort to assess individuals between youth and professional soccer and further examine the effect of soccer on between-limb symmetry.
The purpose of the present study was to determine if lateral dominance is accompanied by corresponding between-limb asymmetries in a comprehensive assessment of body composition, muscle strength, and range of motion in healthy soccer players. Classifying a cohort of healthy soccer players as symmetrical or asymmetrical can assist in describing appropriate baselines for health professionals to attain in rehabilitation; if between-limb asymmetry is common, then achieving rehabilitation to match the contralateral limb is an insufficient measure of return-to-play criteria. The authors hypothesized that the asymmetrical nature of kicking would elicit between-limb asymmetry in the present sample. The authors wished to clarify the conflicting reports of symmetry versus asymmetry in soccer players by examining collegiate players via comprehensive testing of body composition, muscle strength, and range of motion.
MATERIALS AND METHODS
Seventeen healthy male collegiate soccer players (height=1.82±0.07 m; mass=79.0±6.1 kg) volunteered to participate from a NCAA Division One program. The athletes self-identified as single-sport athletes in college with primary positions yielding four defenders, five midfielders, five forwards, and three goalkeepers. The participants were chosen by convenience sampling from the team's pool of 29 players during preseason of the 2014 fall campaign and were all healthy by standard of availability for full participation in training. The Oakland University Institutional Review Board approved all methods and procedures and participants signed written informed consent before inclusion. All participants were tested for all measures in a single day in the university health building.
Footedness
The researchers explained to the athlete that footedness is the preferred limb to kick the ball during game play. Each participant verbally reported his dominant foot via personal preference to the researchers, 3, 6, 17, 22 herein referred to as self-reported footedness. Testers were blinded to participant footedness during data collection.
Symmetry measurements included body composition, muscle strength, and range of motion.
Body Composition
Body composition was measured via dual-energy X-ray absorptiometry (DXA; Hologic Discovery A, Boston, MA). All whole-body DXA scans were performed by a single technician following a standardized protocol procedure for a whole body scan. 23 Both total body and regional analyses were calculated by the DXA scanner, as per the default settings inherent to this device.
Muscle Strength
Lower limb isometric muscle torque to serve as an indirect measure of strength was assessed using a handheld dynamometer (Lafayette Instrument Company, Model 01163 Lafayette, IN). Two research assistants performed muscle strength assessments using dynamometer placements as described by Bohannon. 24 Ease of use with minimal training provides practicality for handheld dynamometry, with good intra-rater (ICC = 0.77 to 0.97) reported. 25 One tester measured muscle strength at the hip (flexion/ extension, adduction/abduction, internal/external rotation), while a second tester measured the knee (flexion/extension) and ankle (plantarflexion/dorsiflexion, pronation/supination). Three measurements were obtained, with the recorded value being the highest value of the three measurement attempts. All muscle strength values were recorded in kilograms.
Range of Motion
One research assistant performed testing using a manual goniometer and standard positions as recommended by Norkin and White. 26 The investigators were trained and supervised by a licensed physical therapist who ensured that there were no substitutions on standard positions or measurements. Three measurements were obtained, with the recorded value being the highest value of the three measurement attempts. Areas of focus included joint mobility at the hip (flexion/extension, adduction/abduction, internal/external rotation), knee (flexion/extension), and ankle (plantarflexion/dorsiflexion, inversion/eversion).
Paired t-tests were utilized to assess differences in laterality when all participants were categorized into dominant side versus non-dominant limb. All participants remained eligible throughout, and there is no missing data to report. Statistical significance was set at p <0.05. All analyses performed using STATISTICA version 12 software (StatSoft Inc., Tulsa, OK, USA). Table 1 presents demographic data organized by right-and left-footedness and exemplifies the total participant pool demographic information.
RESULTS
The limited number of left-footed participants (n=2) prevented adequate analyses of right-versus leftfooted between-limb differences. Post-hoc analyses of dominant versus non-dominant limb were considered. There were no significant differences in body composition as measured via bone mineral content (BMC), lean mass, or fat mass when considering the dominant and non-dominant limb (Table 2) . Muscle strength trended toward the dominant limb having marginally greater values, except for hip external rotation (dominant = 42.3±8.1 kg; non-dominant = 43.7±8.5 kg) and foot supination (dominant = 31.6±8.7 kg; non-dominant = 36. 2±10.1 kg) ; however, none of the differences were statistically significant ( Table 2 ). Range of motion scores across all participants in all measured movements were not statistically significantly different (Table 2) . Thus, the disproportionate participant pool of foot dominance in the current study is similar to most samples of soccer players, and is not a reason for the symmetry demonstrated. Further investigation into proposed theories as to why lower extremity symmetry exists in soccer players may be advantageous for organizing exercise protocols, injury rehabilitation, and performance enhancement.
DISCUSSION
Despite expected asymmetries, the results of the present study instead demonstrate symmetry between limbs across all measures of body composition
Symmetry Theory #1) Running > Kicking
While high force production occurs during soccer kicking, it is not necessarily the primary movement throughout the course of a game or training session. Rampinini et al. 30 reported ball involvements per 90 minutes as ranging from 34.5-44.7 involvements depending on team success. This is remarkably low when compared to the high incidence of running in soccer, where total distances per field player range 10-12 km per match. 31 In a study of elite European professional teams, "high-intensity running" and "very high-intensity running" accounted for 2.7±0.7 km and 1.0±0.3 km of total distance covered. 32 Prevalent high-intensity running, a crucial element for performance, may effectively outweigh the repetitive unilateral motion created by kicking. If the bilateral running movement facilitates the foundation of [33] [34] [35] [36] Without the responsibility of weight bearing, perhaps the upper limb is more susceptible to unilateral tissue adaptation. In soccer, running applies constant bilateral forces that may essentially negate lower limb asymmetry.
Symmetry Theory #2) Longitudinal Effect of Playing Time
Although expecting a longer playing career to result in the summation of asymmetrical kicking forces and subsequently greater lower limb asymmetries as proposed by Gur et al., 37 other researchers suggest soccer players with longer professional careers presented with lesser lateral imbalances. 5 This chronicitydependent process is more sensible when considering the nature of high-level soccer: competence with the non-dominant limb is often necessary for success. 38 If professional soccer facilitates bilateralism, as most players become serviceable with the nondominant limb to perform at the highest levels, then subsequent between-limb symmetry is sensible. 29, 38 As players' careers lengthen and the level of play heightens, the development of the non-dominant limb becomes more important. Furthermore, more qualified players display greater movement coordination and improved muscular activity differentiation in a sport that requires maximum efficiency of motor action. 39 Despite inherent dominance to one side, perhaps elite soccer players demonstrate symmetry.
The present cohort, however, is not comprised of professional players, however, these were amateurs playing at the highest level of university soccer in the United States. Fousekis et al. 5 reported an absence of asymmetry in players whose professional careers had continued for more than 11 years, however the present participants have not played professionally. Longitudinal information about length of playing careers was not obtained, but may have been useful; perhaps the youth careers of these players were in high-level environments, and the players developed non-dominant foot competence from an early age. Sport-specific development even from a young age can result in adaptations, greater psoas major crosssectional area is displayed in early adolescent soccer players, while tennis players can develop structural asymmetries from a young age. 3, 35 Thus, the overall symmetry displayed by the present participants could coincide with the longitudinal effects of high level soccer extrapolated to the collegiate level. A longitudinal study of soccer athletes highlighting training logs and bilateral competence could help illuminate this theory of a chronicity-dependent soccer career working towards lower limb symmetry.
Symmetry Theory #3) Compensation for Dominant Limb Profi ciency/Coordination
Functional compensation for lower limb differences in force production and function may allow symmetry to present itself despite underlying factors. While most literature on soccer kicking focuses on the lower limb, even noting hip flexion as the initiating motion, the entire kinetic chain is involved, including the spine and pelvis before moving the distal lower limb. 16, 40 The backswing phase requires lumbar spine rotation and extension to facilitate trunk rotation to the kicking leg; furthermore, the spine's functional mechanism both stabilizes and balances the body during upright activity while also transmitting forces to the pelvis and then throughout the lower extremities. [40] [41] The spine, ever active in the weight-bearing lower limb, has even been acknowledged in a recent pilot study with kicking performance in soccer, demonstrating lumbar spine and sacroiliac joint manipulation provided short-term benefit for increased kicking speed. 40 The asymmetric force distribution created by soccer kicking may not be directly visible within the lower limb; rather, may be referred proximally up the kinetic chain, with the spine receiving the majority of the stress and strain. Functional spinal compensation for unilateral force production during soccer kicking may be a possible explanation for lower limb symmetry in soccer players.
Limitations and Future Research
The limited sample size and lack of longitudinal player injury data impact the generalizability of the current study; however, further research should expand on these concepts. Longitudinal information about length of playing careers or playing levels was not obtained, but may be useful for expanding on Theory #2. Addressing only lower limb adaptations may be insufficient in viewing soccer players; perhaps, additional research considering the trunk and spine could illuminate factors further up the kinetic chain that impact symmetry or asymmetry. Future research should explore why symmetry may be present in soccer players despite inherent lateral dominance and varying between-limb force disparities from the kicking motion.
Previous authors have proposed that asymmetries are a characteristic adaptation in experienced soccer players [4] [5] [6] [7] despite growing evidence supporting between-limb symmetry in healthy players. 6, 12, [17] [18] [19] [20] [21] In some cases, asymmetries in soccer players have been linked to increased injury risk. [10] [11] The growing evidence in favor of symmetry would solidify clinical advice that lower leg asymmetries are likely representative of a pathomechanical adaptation. Thus, sports medicine professionals should strive to preserve or achieve lower limb symmetry in range of motion, muscle strength, and body composition in male soccer players as a potential strategy to reduce or prevent injuries. The authors further propose that the identification of asymmetries by researchers and health professionals should be addressed in injury prevention and exercise prescription. Rather than assuming the presence of lower limb asymmetry in soccer players, future research should seek to understand why symmetry exists by addressing the proposed theories above.
CONCLUSION
No asymmetries existed in any of the measures tested in a cohort of Division I male soccer players including body composition, muscle strength, or range of motion. Thus, contrary to the authors' hypothesis and in agreement with much of the literature, healthy male collegiate soccer players demonstrate remarkable lower limb symmetry. This symmetry prompted three speculative theories on how lateral dominance may be attenuated by other factors within playing soccer that warrant further investigation. 
